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INTRODUCTION
Although photoreceptors within the outer retina of vertebrate eyes are used by animals 48 for image forming (IF) light detection, extraretinal photoreceptors are widespread among 49 non-mammalian vertebrates, occurring mainly in the brain, but also evident elsewhere in the 50 body (Foster & Hankins, 2002) . Such non-image forming (NIF) photoreceptors serve diverse 51 functions including; the regulation of circadian rhythms, mediating locomotor responses to 52 dermal illumination, influencing pigment migration in chromatophores and conferring direct 53 light sensitivity to muscles within the iris. 54
Until relatively recently, it has been assumed that the only pigments capable of 55 conferring photosensitivity to photoreceptors, even those located in structures outside the eye, 56 use rod and cone opsins. However, in the last two decades a number of opsins have been 57 identified that are different enough to those of traditional photoreceptors to constitute 58 separate gene families (Shand and Foster, 1999) . One such photopigment opsin is melanopsin 59 (OPN4). Initially shown to contribute to light-evoked pigment migration within dermal 60 neuromasts are mechanoreceptors sensitive to water displacement, distributed across the body 68 of many aquatic vertebrates (Dijkgraaf, 1962) . In Xenopus laevis they are grouped into raised 69 'stitches' arranged in characteristic patterns on the skin's surface (Murray, 1955) . The 70 localisation of melanopsin within lateral line neuromasts suggests they may be sensitive to 71 photic as well as mechanical stimuli. 72
Here we report on the presence and distribution of melanopsin within Xenopus laevis 73 lateral lines and speculate on the functional significance of light sensitivity within this 74 mechanoreceptor. 75 76 77 78 laevis melanopsin peptide, showed the majority of neuromasts on both dorsal and ventral 82 surfaces of adult male and female pigmented and albino Xenopus laevis to be 83 immunopositive ( Fig 1A) . No differences in distribution of melanopsin were observed 84 between the different phenotypes. 85
Individual neuromasts showed dense immunopositive staining surrounding the central 86 pore, with fine processes radiating outwards ( Fig 1B) . In light-( Fig 1C) and electron-87 microscopic ( Fig 1E) sections, dense immunopositive staining was located intracellularly in 88 epidermal cells at the margins of the neuromast pore. As evident from wholemounts ( Fig 1B) , 89 immunostaining was not confined to the margin of the pore. In serial reconstructions of 90 individual neuromasts we also identified melanopsin in peripheral cells lying slightly deeper 91 in the neuromast ( Fig 1D) . 92
Immunoreactivity was also detected by the CERN972 antibody in a Western blot 93 analysis of Xenopus brain and stitch samples at a mass consistent with melanopsin ( Fig. 2) . where the animals started in the lit half of the aquarium they moved to the dark half of the 134 tank within three minutes (average latency 63 secs). When they started in the dark half of the 135 aquarium (n=39), on the other hand, the frogs normally remained there for the duration of the 136 experiment, spending on average 86.6% of their time in darkness and only rarely venturing 137 into the light for brief periods of time. 138
We investigated whether focal illumination of the animal's ventral surface, which 139 could not be detected by their eyes, would induce a locomotor avoidance response. While 140 they did appear to react to such stimuli, this was no more frequent than in control animals 141 simply maintained in darkness. Thus, using focal ventral illumination, there was no evidence 142 of dermally-induced locomotor activity in adult Xenopus laevis. It could be argued that 143 ventral illumination is not the ideal stimulus, as in the wild the underside of the animal will 144 receive less illumination than other areas of the body. However, ventral neuromasts stained as 145 heavily with melanopsin antibody as neuromasts elsewhere on the body. Furthermore, using focal ventral illumination was the only way to be certain that the illumination was not 147 detected by the dorsally directed eyes of intact animals. Less systematic focal illumination of 148 other areas of the body also failed to induce consistent locomotor responses 149
Since focal illumination of the body surface did not induce a behavioural response, it 150 seems likely that melanospin in lateral line neuromasts of Xenopus laevis serves a function 151 other than dermally-driven locomotor activity. 152
The activity of lateral line neuromasts is known to be modulated by the central Zealand rabbits and processed as previously described (deGrip, 1985) . Individual animals were removed from their home tank, during the light phase of their 228 light/dark cycle, and put in an experimental aquarium (20x30x20 cm). The sides of this 229 aquarium were covered by black card and animals were observed from above. After 10 230 minutes acclimation in dim room light the animal was placed in total darkness for 2 mins, 231 before one half of the aquarium was illuminated (3.41W/m 2 ) from below by a 'light box', 232 consisting of two fluorescent tubes (Phillips 20W/47 Graphic A; Guildford, Surrey, UK) 233 behind a white diffusing surface, for three minutes followed by 2 minutes of darkness before 234 being exposed to light once more for another 3 minutes, for a maximum of 10 trials per 235 animal. The half of the tank that was illuminated was varied randomly. 7 pigmented and 2 236 albino animals were tested. 237
We also investigated the ability of focal illumination to induce locomotor activity. 238
The ventral surface of 4 animals was illuminated using the same protocol as above, but 239 instead of illuminating half the aquarium the light source was covered except for a 1cm round 
